Background: Sport has high social valence and is a primary context for physical activity for the majority of youth. The aim of this study was to estimate the contribution of participation in organized sport to the total daily energy expenditure and also to its moderate-to-vigorous portion in male adolescents. Methods: The sample comprised 165 Portuguese male youth, aged 13 to 16 years. Physical activity was assessed with a multimethod approach (Actigraph GT1M accelerometer plus 3-day diary record). Differences in the intensities of physical activity and sedentary behavior of male sport participants and nonsport participants were compared using independent sample t-test. Results: Male participants in organized sports spent significantly more time in moderate-to-vigorous activities than nonparticipants, although the P-value for the 15 to 16 years age-group was marginal (P = .08) on the weekend days. In addition, male adolescents spent 11% to 13% of total daily energy expenditure in organized sports which corresponded to 35% to 42% of the moderate-to-vigorous portion of daily energy expenditure. Conclusion: Organized sport appears to be a relevant component of daily activity energy expenditure to promote healthy lifestyles among male adolescents.
Regular participation in sport is a feature of the daily lives of youth in many countries of the world. Approximately 40 million of U.S. youth participated in organized sport in 2008. 1 This number approximates about 76% of the kindergarten through grade 12 (high school) enrolments in the U.S. Corresponding estimates for other countries vary due in part to differences in estimation strategies and to differences in program structure, accessibility and cost. Nevertheless, reasonably regular participation in sport is characteristic of youth in many European countries. [2] [3] [4] Corresponding statistics for informal in contrast to organized sport are not available. This is of relevance for informal or "street" sports are often described as being more characteristic of developing countries and lower SES neighborhoods of large cities.
Given the seemingly central role of organized sport in the lives of youth, a question of relevance is the habitual physical activity of youth sport participants and nonparticipants. Evidence based on 3-day diary records in boys and girls 12 to 14 years, 5 accelerometry in 119 boys 6 to 12 years, 6 questionnaires in U.S. boys and girls 11 to 12 years 7 and also in Finnish twins 16 to 18 years 8, 9 indicate higher levels of physical activity in sport participants compared with nonparticipants. The current study extends these observations to Portuguese male youth since the contribution of organized sport to daily physical activity and energy expenditure may be influenced by cultural facets. The purpose of the study was 2-fold, first to estimate the intensity physical activity among male participants and nonparticipants in organized sport, and second, to determine the contribution of organized sport to estimated total daily energy expenditure (TDEE) and to energy expenditure in moderate-to-vigorous activity (MVEE).
Methods

Participants
The Midlands Adolescent Lifestyle Study (MALS) was part of a random cross-sectional survey of the prevalence of overweight/obesity in Portugal (Sardinha et al, 2010) . Details of the study are described elsewhere (Sardinha et al, 2010) . MALS is a school-based survey that included 491 adolescents resident in the Portuguese Midlands (aged 13 to 16 years), in grades 7 through 9, from 7 secondary schools where accelerometer-based data were specifically collected. The project was registered at the Portuguese Commission for Data Protection [Process #3132006] and approved by the Scientific Committee of the University of Coimbra. Informed written assent was obtained from participants and parents or guardians.
The current study included 165 male adolescents from a school population of 3258 students (all students from 7th to 10th grade registered in the above mentioned schools). Among those who participated in the current study, 19% were overweight or obese, and 33% were from urban communities. Fathers of 28% of the participants had a college or university degree (highest educational level), and 15% had the lowest education level (ie, 9 compulsory years). Mothers of 33% of participants had the highest education level, and 11% had the lowest level.
Chronological age was calculated as the difference between date of birth and date of measurements. Participants were divided in 2 groups, 13 to 14 and 15 to 16 years.
Anthropometry
Height and weight were measured in the morning using a portable stadiometer (Harpenden model 98.603, Holtain Ltd, Crosswell, UK) and a portable scale (Seca model 770, Hanover, MD, USA) to the nearest 0.1 cm and 0.1 kg, respectively, with participants in t-shirt and shorts. Body mass index (BMI, kg/m 2 ) was calculated.
Physical Activity (PA)
Physical activity and energy expenditure were estimated using a uniaxial accelerometer and a 3-day diary protocol.
Accelerometry. Participants wore the GT1M ActiGraph uniaxial accelerometer (ActiGraph, LLC, Fort Walton Beach, FL, USA) over the hip for 5 consecutive days (Thursday until Monday). Subjects were instructed to remove the sensor while showering or participating in swimming activities. The ActiGraph uniaxial accelerometer (previously known as MTI 7164 model and CSA) is compact (3.8 cm × 3.7 cm × 1.8 cm) and light (27 g ) and has been validated in laboratory and free-living children and adolescents. 10 The data were electronically downloaded using the ActiLife software. The MAHUffe program was used to reduce the data in a file containing minute-by-minute counts. Participants who did not have 10 hours of valid measured data for each of the 5 days were excluded from subsequent analyses. The threshold of sedentary activity (minimal body movements in the sitting or reclining position) was established at 800 counts•min -1 . 11 Intensity levels of PA were determined using age-specific regression equations 12 with thresholds at 4 and 7 METS, respectively, for moderate-to-vigorous physical activity (MVPA). 13 This procedure adjusts for the higher resting energy expenditure of children and youth. 14 The criteria have been previously used in epidemiological studies of youth. 13, 15 Data for 165 youth (75% of the initial sample) met the criteria for inclusion and were used for subsequent analyses. The records of 54 participants of the total sample (n = 219) failed to achieve 10 hours of registered time in each of the 5 measured days. There were no significant differences in the distributions of included and excluded participants by age-group [χ ( 
Sport Participation (SP)
Organized sports in Portugal are voluntary programs offered during discretionary or free time and have defined competitive seasons. In general, the annual season corresponds to 9-month supervised participation, with 3 or 4 training sessions per week and a competition game at the weekends. SP was estimated with the 3-day diary 16 above described. Participants were asked to mark the categorical number (eg, cells of 15 min periods) that corresponded to organized sports practice. This practice was defined as the training period and the competition games undertaken under supervision of a certified coach at the club affiliated in the national federations. Total amount of time and intensity levels of SP was given by the sum of categorical number pointed out.
Data Analysis
Descriptive statistics for anthropometry, accelerometry and 3-day diary were calculated for the 2 age groups, 13 to 14 and 15 to 16 years. Before analysis, tests for normality were conducted for the habitual PA measures (counts per minute) and for its intensity portions [ie, light PA and MVPA]. Tests suggested that PA measures [accelerometry: total PA on week days and across 5 days (counts per minute); MVPA on week days; 3-day diary: absolute DEE on MVPA] were not normality distributed. Log transformations (Log10) of the variables were thus calculated to proceed with the parametric analysis. Independent sample t tests were used to test the effect of sport participation in the 2 age groups for body size, chronological age, and the diary and accelerometry estimates of PA. SPSS 15.0 (SPSS Inc., Chicago, Illinois, USA) was used for all the analyses. The level of significance was set at 5%.
Results
The prevalence of male adolescents regularly engaged in organized sports was 53% for the total sample (58% and 46% for the younger older age-groups, respectively). The popularity of sports was as follows: soccer (n = 43), basketball (n = 9), volleyball (n = 5), track and field (n = 5), handball (n = 5), rugby (n = 4), judo (n = 3), karate (n = 3), swimming (n = 3), tennis (n = 3), rowing (n = 2), sailing (n = 1), gymnastics (n = 1), martial arts (n = 1). Descriptive statistics for chronological age, body size, sedentary behavior, PA intensity levels, TDEE, and the portion of MVEE are presented for the younger and older age groups in Tables 1 and 2, respectively. Anthropometric variables did not differ between sport participants and nonparticipants in both age groups (Tables 1 and 2 ). Boys 13 to 14 years who participated in organized sport were significantly more active (counts/ min/day) than those who did not participate on weekdays, at the weekend, and across total days. Among male adolescents aged 15 to 16 years, participants in organized sports were also significantly more active than nonparticipants on week days and across 5 days; these groups did not significantly differ on habitual PA at the weekend. Male sport participants in the 2 age-groups spent less time in sedentary activities than nonparticipants on week-days and across total days, but not on the weekend. Male sport participants and nonparticipants did not differ in time devoted to light physical activities independent of age group and day.
Male participants in organized sports spent significantly more time in MVPA than nonparticipants, although the p value for the older group was marginal (P = .08) at the weekend.
Absolute estimated DEE increased from 13-14 to 15-16 years of age in sport participants and nonparticipants, but DEE per unit body mass slightly decreased with age among sport participants, 45.7 kcal•min -1 at 13 to 14 years to 44.7 kcal•min -1 at 15 to 16 years. The corresponding trend was similar in nonparticipants, 42.1 kcal•min -1 at 13 to 14 years to 41.4 kcal•min -1 at 15 to 16 years. Comparisons between male sport participants and nonparticipants were significant only for estimated DEE per unit of body mass in the 2 age groups. As expected, both absolute and relative estimates of MVEE were higher in sport participants than in nonparticipants.
Based on the 3-day diary record, organized sports accounted for 13.3% and 10.5% of TDEE among younger and older male adolescent participants, respectively. When limited to activities of moderate-to-vigorous intensity, participation in sport accounted for 42% and 35% of EE in moderate-to-vigorous intensities in the 2 age groups, respectively.
Discussion
Sports participation contributes a substantial portion of daily PA and DEE in Portuguese male adolescents. Results were consistent with the available literature; [5] [6] [7] 9, 25 youth involved in sport have higher levels of daily PA and MVPA than nonparticipants. Portuguese youth participants in sport also spent less time to sedentary behaviors estimated from accelerometry. This is consistent with less time spent in television viewing noted in American adolescent sport participants relative to nonparticipants. 5 Youth generally identify PA with sport, 26 although attention to sport as an important domain to promote PA among children and adolescents is relatively recent development. 27 Nevertheless, professionals and institutions concerned with the promotion of adolescent health and health-related behaviors should consider provision of opportunities for participation in sport and policies to promote continued participation in sports across adolescence. This is important from 2 perspectives. First, youth involved in sport have higher levels of MVPA, and regular participation in MVPA has health, fitness and behavioral benefits-weight control, less adiposity, increased bone mineral content, improved aerobic capacity and muscular strength and endurance, and self-concept, among others. 28, 29 Second, participation in sports during adolescence tends to track at higher levels than other indicators of physical activity so that youth who are active in sport during adolescence are more likely to be physically active in young adulthood. 30, 31 Thus, sport participation has the potential for health, fitness and behavioral benefits during youth and also for transfer to adult physical activity.
Although the number of Portuguese adolescents officially engaged in sports has increased in the past decades, 32 it should be noted that organized sports accounted for only a modest portion of DEE in the current study (10.5% to 13.3%). This may be somewhat misleading since the percentage of adolescent males who attained a minimum of 60 min·day -1 of MVPA in all 5 days was 88% and 81% for sport participants and nonparticipants, respectively, at 13 to 14 years, and 73% and 37% for sport participants and nonparticipants, respectively, at 15 to 16 years. The difference among older adolescents highlights the important of keeping youth involved in sport as adolescence progresses. Available studies of sport participants and nonparticipants have not systematically considered age-related variation in the contribution of organized sport to physical activity and EE. 5, 6 Among US youth, organized sports contributed to 23% of time spent in MVPA in boys 6 to 12 years 6 and to about 65% of the daily EE in MVPA in boys 12 to 14 years. 5 In the current study, organized sport contributed to 42% and 35% of daily EE in MVPA in Portuguese male adolescents 13 to 14 years and 15 to 16 years, respectively. Results of the 3 studies of boys suggest an age trend, specifically an increase in the contribution of sports to daily MVPA from childhood to about 14 years and then a decline in older boys. There is a need to look at EE in other forms of PA during childhood and adolescence. For example, recess accounted for 16% of total time spent in MPVA in boys 6 to 12 years. 6 In the current study, the percentage of boys who accumulated a minimum of 60 minutes of MVPA on all 5 measured days (accelerometry) decreased differentially with age in sport participants and nonparticipants: from 88% to 73% among sport participants compared with 81% to 34% among nonparticipants. The results suggested that the age-related decline in PA may be more marked among nonparticipants in sports compared with those who continue to participate. The results also highlighted the need to pay closer attention to the activity habits of those who drop out of sport either voluntarily or involuntarily.
A variety of factors are associated with participation in sport. A variety of studies suggest that preteen youth were most likely to participate in organized physical activities; subsequently, participation in sport declines during adolescence as does the amount of time devoted to MVPA. 33 In general, older adolescents tend to be involved in different types of activities, particularly related to social behaviors. Among Portuguese adolescents, changing interests (including interest in risk taking behaviors associated with alcohol and smoking) and social demands (homework, employment, dating, parental pressures) were important factors for cessation of sport participation. 34 Among American adolescents, older males reduced the number of physical and sport activities both in and out of school and indicated a preference sedentary pursuits in their free time, including being with friends, watching television, or going to the cinema. 35 Costs associated with sport participation may be an additional factor that influences participation in organized sports. Higher socioeconomic status and parental educational level were associated with more sport practice. 36 Sport-related costs and time commitments were among factor that influenced the decision of parents about their child's participation in organized sport among Australian youth (Hardy et al, 2010) . Portuguese adolescents were more likely to participate in sports when their family also participated; a related factor was socioeconomic status. 37 Variation in physiological demands of specific sports available to youth in different countries also contributes to variation in studies of PA conducted in different settings and with different methods. Among US boys 6 to 12 years, basketball was the sport with the least time spent at or below a light intensity, whereas soccer was the sport with highest accumulation of vigorous activity. 6 Soccer (48%) and basketball (13%) were to primary sports in which the Portuguese male adolescents participated. A related factor that may contribute to variation among studies is season of the year. 38, 39 The study of US youth 12 to 14 years was conducted in January and February in mid-Michigan which characteristically has relatively severe winters. 5 Except for downhill skiing, sport activities of this sample were conducted indoors. Estimated time in PA was higher among youth involved in skiing. 5 The Compendium of Physical Activity, 17 on the other hand, tends to treat sport generically and not in terms of the specific activities that comprise a sport. The use of accelerometry permitted estimates of time and EE and in turn the contribution of sport participation to total daily energy expenditure. This is of relevance to estimates of EE in specific youth sports for overweight and obese children who probably have different effort patterns in training sessions and games.
Additional sources of variation in PA and EE in youth are week days vs. weekend days. Studies have consistently shown a decrease of PA from week days to the weekend, primarily in PA of high intensity levels. 40 The current study showed the same trend across the 2 age groups, which may be attributable to daily routines of Portuguese students that require compulsory physical education classes, involve many school sport programs, and allow free recess time on week days during which PA may be performed. On the other hand, adolescents of both age-groups are largely parent-dependent for sport and other physical activities at the weekend.
In addition to MVPA, the current study also showed a high amount of time devoted on sedentary activities. Observations may have been related to an increase in academic work needed to prepare for university entrance examinations, especially among the 15 to 16 years age group. It is also possible that time spent sedentary occurred to compensate for time spent in sport and physical education participation. Previous research in Portugal has demonstrated that more active groups also spent more time in screen activities (TV viewing, electronic devices, internet), indicating that PA and sedentary behavior are not the 2 sides of the same coin. 41 Therefore, increasing organized sport programs, especially at the weekend, may play an important role in reducing or preventing sedentary lifestyles. Furthermore, promoting family-based programs on weekends might be an important strategy to augment active behaviors among youth.
It is difficult to compare results of the current study to sport participation/nonparticipation contrasts in other countries as the data are not strictly comparable. However, this study is one of the first studies to demonstrate the contribution of organized sport to estimated daily PA and EE in Portuguese male adolescents. The results suggest a need to target older adolescents who show reduced participation in sports and to enhance opportunities active behaviors, and reduce sedentary behaviors over the weekend, perhaps by educating parents and providing environments for family-based programs.
Physical activity is often indicated as important in the prevention of overweight and obesity among youth. Of relevance to Portugal, southern European populations have a higher prevalence of overweight and obesity compared with Central and Northern European populations. 42, 43 Although sport is a major context of PA and EE among youth, one can inquire whether the PA associated with youth sports of sufficient duration and intensity to prevent overweight and obesity and to bring about a reduction in adiposity in those who are at risk. Experimental activity programs in overweight and obese youth result in reductions in overall adiposity and abdominal adiposity. However, the beneficial effects are lost when the interventions are stopped and competitive sports are a well known selective arena. On the other hand, many competitive sport programs are not conducive to successful participation by overweight and obese youth. Obese youth are often less proficient in motor skills and components of physical fitness which may reduce the likelihood of experiencing success in a sport. 44 American football, wrestling and weight events in track and field athletics are exceptions and may have a place for adolescents who may be overweight or obese.
Limitation of the study should be noted. First, the study was cross-sectional and inferences on casual relationships are not warranted. Second, although the data were collected during the spring, the interval of data collection was spread over several months given the number of accelerometers available. Third, the results are limited to Portuguese male youth 13 to 16 years of age living in Midlands region of the country. Nevertheless, further investigations are needed to better understand the role of sport participation in healthy lifestyles among youth of both sexes.
In conclusion, organized sport appears to be an important component of daily activity energy expenditure among male adolescents. The amount of PA declined from weekdays to weekend days in both sport participants and nonparticipants. Evidence suggest that participation in organized sports affords many health benefits to most adolescents. 45 Therefore, promoting sport participation may serve in the prevention of multiple health risk behaviors among adolescents and represents a potentially important contribution to health policy and practice.
